Introduced lake trout (Salvelinus namaycush) threaten the native cutthroat trout (Oncorhynchus clarki bouvieri) population in Yellowstone Lake, Yellowstone National Park, Wyoming. A reduction in availability of cutthroat trout may affect fish predators negatively, especially during spawning season. In this study we examined the importance of spawning cutthroat trout to a fish specialist-the North American river otter (Lontra canadensis). We measured scent-marking rates at 87 otter latrine sites on Yellowstone Lake and its tributary streams throughout the cutthroat trout spawning period and identified prey in scats collected at these sites. Based on fecal deposition rates, otters were more active on spawning streams and less active on Yellowstone Lake during the height of cutthroat trout spawning, with a return to elevated activity on the lake after spawning had ended. Cutthroat trout appeared to be the most common prey item in otter scats throughout the study, based on 515 samples identified to the family level and 110 samples analyzed to the species level. Overall, trout occurred in 72% and longnose suckers (Catostomus catostomus) in 43% of otter feces. Suckers were more prevalent than trout in otter scats only on tributary streams, toward the end of cutthroat trout spawning. Introduced lake trout, which inhabit deep water and are largely inaccessible to otters, occurred in less than 5% of otter scats. River otters in the Yellowstone Lake ecosystem appear to be relatively restricted in their diet and are heavily dependent on cutthroat trout. Our findings suggest that continued declines in the cutthroat trout population could negatively impact otters, potentially disrupting their role in linking aquatic and terrestrial ecosystems in and around Yellowstone Lake.
Yellowstone National Park supports the largest remaining population of Yellowstone cutthroat trout (Oncorhynchus clarki bouvieri- Varley and Gresswell 1988) . The park's largest body of water, Yellowstone Lake, represents nearly 80% of the lacustrine habitat for this subspecies (Gresswell et al. 1994) . In addition to their socioeconomic value as a sport fish and tourist attraction , cutthroat trout are a key food source for numerous predators and scavengers , including brown bears (Ursus arctos- Felicetti et al. 2004; Mattson and Reinhart 1995) , American white pelicans (Pelecanus erythrorhynchos- Kaeding 2002) , and North American river otters (Lontra canadensis- Johnson and Crabtree 1999; Schullery and Varley 1995; Varley 1998) . Although several of these animals feed on cutthroat trout throughout the year, the availability of these fish to piscivores increases from late spring through summer when the trout make annual spawning migrations from the lake into tributary streams . While present in shallow water sections of these streams, spawning cutthroat trout are a readily accessible, energy-rich prey item for terrestrial and semiaquatic predators (Felicetti et al. 2004; Mattson and Reinhart 1995) .
In recent years, however, illegally introduced lake trout (Salvelinus namaycush) have contributed to a decline of the cutthroat trout population in Yellowstone Lake (Koel et al. 2005 ). Population models developed by McIntyre (1995) and Stapp and Hayward (2002a) to predict the effect of the lake trout introduction have estimated that, without management control, lake trout could reduce the native cutthroat trout population by 60-70% within 100 years. Such a population reduction raises concerns, not only for the viability of cutthroat trout, but for those components of the Yellowstone Lake food web that rely on them (Koel et al. 2005; Stapp and Hayward 2002b) . This decline could severely limit the availability of cutthroat trout to piscivorous predators along spawning streams and in Yellowstone Lake itself (Buskirk 1999; Schullery and Varley 1995) . For example, Clear Creek, one of the lake's tributaries, sustained a 90% decrease in the number of upstream-migrating cutthroat trout from 1999 to 2004 (Koel et al. 2005 ).
In this study we assessed the risks of a declining cutthroat trout population to a representative fish predator-the river otter. As semiaquatic fish specialists (Melquist et al. 2003) , otters are relatively restricted in their ability to move to different watersheds in search of food (in contrast with avian predators) or to switch to a nonpiscine diet (in contrast to generalist and omnivorous predators). River otters are opportunistic feeders and usually capture fish species in direct proportion to their abundance and density, and in inverse proportion to their swimming ability (Melquist et al. 2003; Ryder 1955) . Several studies investigating the diet of otters have documented a preponderance of slow-moving, less-agile fishes such as those from the families Catostomidae and Cyprinidae, and comparatively fewer agile fish, such as those in the family Salmonidae (Knudsen and Hale 1968; Lagler and Ostenson 1942; Reid et al. 1994; Ryder 1955; Serfass et al. 1990; Zackheim 1982) . Although they are not as abundant in Yellowstone Lake as cutthroat trout (Stapp and Hayward 2002b) , slow-moving fish species such as the longnose sucker (Catostomus catostomus) may form an important prey base for otters (Johnson and Crabtree 1999; R. Landis, pers. comm.; Schullery and Varley 1995) . Like cutthroat trout, longnose suckers grow to a large size (up to 54 cm-Varley and Schullery 1998), are obligate stream spawners (Brown and Graham 1954) , and are widely distributed around the shallower littoral zone of Yellowstone Lake (Kaeding et al. 1996; Varley and Schullery 1998) . Nonetheless, the energy content of cutthroat trout exceeds that of longnose suckers (Derby and Lovvorn 1997; Ruzycki et al. 2003) , making trout an energetically more beneficial food source for otters when both species are similarly accessible. Indeed, other studies have documented otters making seasonal movements to salmonid spawning grounds to take advantage of the increased availability of this energy-rich prey (Melquist and Hornocker 1983; Melquist et al. 2003; Reid et al. 1994; Toweill 1974) .
Although introduced lake trout are lipid-rich salmonids as well (Ruzycki et al. 2003) , they are unlikely to be a suitable replacement food source for river otters (Ruzycki et al. 2003; Stapp and Hayward 2002a) . Lake trout are largely found in deep water (up to 40 m- Kaeding et al. 1996; Koel et al. 2005) , beyond the foraging depth range of otters Reid et al. 1994 ). In addition, lake trout spawn in lentic waters rather than in tributary streams (Koel et al. 2005 ). Therefore, lake trout should be unavailable to otters during much of the year and appear infrequently in their diets (Koel et al. 2005; Schullery and Varley 1995) .
To examine the importance of cutthroat trout to river otters during the spawning season, we investigated rates of scentmarking at river otter latrine sites around Yellowstone Lake and on its tributary streams and performed diet analyses on scats collected at those sites. We hypothesized that otter activity at latrines, as determined from fecal deposition rate, would decrease along the Yellowstone Lake shoreline and increase on tributary streams during the cutthroat trout spawning season because otters move from the lake to streams in response to the availability of this prey resource. This trend would be reversed at the end of the spawning season. We further hypothesized that cutthroat trout remains would appear more frequently in scats than would alternative prey, such as longnose suckers and minnows. Finally, we hypothesized that lake trout would occur infrequently in otter scats because lake trout are found at depths beyond the diving capabilities of river otters Reid et al. 1994) .
MATERIALS AND METHODS
Study area.-Our study area included the shoreline of Yellowstone Lake and its associated tributary streams, located in southeastern Yellowstone National Park, Wyoming (center of park at 448369N, 1108309W; Fig. 1 ). The region has a temperate climate characterized by short summers and long, cold winters (Despain 1990) . Average annual temperature is 08C and summer and winter temperatures average 11.18C and À10.88C, respectively. Annual precipitation averages 513 mm and primarily falls as snow in late fall and winter (Benson 1961) . Terrestrial vegetation is predominately lodgepole pine (Pinus contorta) and subalpine meadows in the uplands, with willow (Salix)-dominated riparian zones. In more mesic habitats, such as north-facing slopes, Engelmann spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa) communities may dominate (Despain 1990; Knight 1994) .
Yellowstone Lake is a deep ( X ¼ 43 m), oligotrophic lake, icecovered from December through May ). The lake is located at 2,357 m elevation in the Yellowstone Plateau. With a surface area of 341 km 2 and shoreline length of 239 km (Kaplinski 1991) , Yellowstone Lake is considered the largest highelevation lake in North America (Gresswell et al. 1997) . The lake's fish species include 2 salmonids, Yellowstone cutthroat trout and lake trout; a catostomid, the longnose sucker; and 3 cyprinids, longnose dace (Rhinichthys cataractae), redside shiners (Richardsonius balteatus), and lake chubs (Couesius plumbeus). Only cutthroat trout and longnose dace are native to the lake (Varley and Schullery 1998) ; however, the nonnative minnows and longnose sucker have inhabited the lake since the 1920s (Gresswell et al. 1994 ) and do not appear to affect cutthroat trout negatively . Crayfish, an important prey for river otters in other ecosystems (Larivière and Walton 1998; Melquist et al. 2003) , do not occur in Yellowstone Lake or its tributaries (Varley and Schullery 1998) .
Yellowstone Lake has 124 tributary streams, the largest of which, the Yellowstone River, drains 42% of the watershed. Cutthroat trout spawn in approximately 68 of these tributaries, with the peak of the spawn occurring from late May through July Varley and Gresswell 1988) . Tributary streams surveyed during our study included sections of the Yellowstone River inlet; the Yellowstone River from the lake's outlet to the Upper Falls of the Yellowstone River; and Pelican, Sedge, Cub, Clear, Columbine, Beaver Dam, Otter, Bridge, and Arnica creeks. We also surveyed the perimeter of Yellowstone Lake, with the exception of restricted, nonmotorized zones in the southern portion of the lake.
Sampling design.-Systematic surveys for river otter signs were conducted from 11 June to 7 August 2002 and from 23 May to 16 August 2003. These survey periods were designed to investigate latrine site use by otters throughout the cutthroat trout spawning period: prespawning, peak spawning, and after the end of spawning runs. In 2002, because of logistical constraints, surveys of the lakeshore in roadless areas were delayed until 11 July. In 2003, stream and lakeshore surveys started on 23 May.
Designations of early-, peak-, and postspawning periods were based on counts of spawning cutthroat trout from fish weirs on Arnica and Clear creeks, dipnetting on the Yellowstone River (National Park Service, in litt.), and our own walking counts along smaller streams (e.g., Cub and Columbine creeks). For some tributaries, such as Pelican Creek, few recent data were available. In these instances, we designated survey periods based on historical records of average peak spawning dates (Ball and Cope 1961; Gresswell et al. 1994 Gresswell et al. , 1997 .
Two factors may have influenced our ability to match survey dates with the spawning schedule of cutthroat trout in tributary streams. First, the initiation of spawning may vary between tributaries of Yellowstone Lake (Gresswell et al. 1994 (Gresswell et al. , 1997 . For example, the peak of the cutthroat trout run is usually earlier on Arnica and Bridge creeks than other streams in our study. Second, several tributaries show multiple peaks of spawners (Ball and Cope 1961) . Thus, on streams with few or no fish present, an apparent early-spawning period may have actually been a lull between peaks. Therefore, it is possible that some survey dates labeled as early spawning overlapped with the peak of cutthroat trout spawning. Given these differences, and variation in spawning schedule of cutthroat trout, we designated our surveys as follows. In 2002, earlyspawning survey dates were 11-20 June; peak, 26 June-13 July; and postspawn 24 July-7 August. In 2003, dates were separated as early, 25 May-11 June; peak, 24 June-8 July; and postspawn 1-16 August. The postspawning surveys in late July and August in both years were conducted after the majority of cutthroat trout had left tributary streams and returned to Yellowstone Lake.
Surveys were conducted from a small boat along the lakeshore and on foot along tributary streams. Otter activity sites were identified by trails leading from water, bedding-down areas, presence of feces, and tracks (Ben-David et al. 1998; Bowyer et al. 2003) . Latrines are typically associated with features such as large conifers, lagoons, rock formations, and sandbars (Bowyer et al. 2003; Crait 2005; Melquist and Hornocker 1983) . We considered a latrine site to be any site on which otters had deposited multiple feces. Surveys of tributaries began at the mouth of the stream and continued upstream to 1 km past the last observed sign of otters. Although it is possible that additional upstream latrines occurred at a greater interval than 1 km, it is unlikely that such sites would have influenced our results, especially given the extensive sampling of multiple streams represented in our study.
Locations of otter activity sites were plotted on a digital map of Yellowstone Lake and tributary streams obtained from the 1:100,000- At each site we recorded numbers of old (deposited more than 24 h before the survey) and fresh scats. Fresh scats were distinguished from older scats based on odor, moisture content, and amount of mucilaginous material (Testa et al. 1994) . The site was then cleared of all scats to avoid recounting on return visits. Previous studies have documented no effects of human visitation and scat removal on otter behavior (H. Golden and M. Ben-David, in litt.). Global positioning system coordinates were recorded to assist in relocation. All latrine sites were revisited between 2 and 5 times throughout the survey period to determine changes in otter activity. Fresh scats (n ¼ 988) were bagged and frozen for later diet analyses. Because we revisited some latrines more frequently than others, measures of fecal deposition rate were calculated as total number of scats counted on survey visits divided by number of survey visits.
Diet analyses.-A random subsample of otter scats (n ¼ 515) from summer 2002 and 2003 was selected for diet analysis. Individual otter scats were soaked for 24-48 h in a mixture of denture cleaner (Efferdent, Pfizer Consumer Healthcare, Morris Plains, New Jersey) and water and then agitated to separate mucilaginous material from undigested prey remains (Berg 1999; Conroy et al. 1993; Jenkins et al. 1979) . Samples were then washed through a series of fine-meshed sieves (1.000-mm and 0.355-mm openings) and air dried for 48 h. Cleaned samples were identified by comparing remains with keys of fish scales and bones (Cannon 1987; Casteel 1972 Casteel , 1973 Casteel , 1976 Conroy et al. 1993; Daniels 1996; Lagler 1947; Oates et al. 1993; Wheeler and Jones 1989) , reptiles (Romer 1956) , and amphibians (Duellman and Trueb 1986) , as well as keys to bird feathers (Day 1966 ) and mammal hair (Day 1966; Moore et al. 1974) . Comparisons also were made with prepared reference collections of known species from the study area, including cutthroat trout, lake trout, and longnose suckers caught in Yellowstone Lake. We identified fish prey to the family level, with the exception of the salmonids, for which attempts were made to distinguish cutthroat trout from lake trout. Yellowstone Lake has a relatively depauperate fish fauna, and families could be identified by simple comparisons of morphological differences in bones and scales. Additionally, a subsample of scats (n ¼ 63) was sent to a professional identification laboratory (Pacific IDentifications Inc., Victoria, British Columbia, Canada) for development of suitable techniques for differentiating between remains of the 2 salmonid species. Here trout were identified to the family level based on scale morphology, and to the species level by morphological differences in the hyomandibular, epihyal, epiotic, and quadrate bones of the head, gill rakers, and abdominal and caudal vertebrae (G. Frederick, Pacific IDentifications Inc., in litt.).
We recorded the frequency of occurrence of prey types for each sampling period (calculated as number of occurrences of a prey item divided by total number of scat samples-Erlinge 1968). Frequency of occurrence was then expressed as a percentage (Melquist and Hornocker 1983) . To remain conservative in our estimations, a prey item was only counted if it occurred more than once in a sample (for example 2 scales of a fish would constitute presence of that species in the sample, but 1 scale would not). Nonetheless, these situations were rare and likely had little effect on overall percentages. When more than 1 individual of the same species appeared in a sample it was treated as a single occurrence (Melquist and Hornocker 1983) . Overestimation of small prey items, such as minnows, resulting from secondary consumption (remains of prey in the gut of a piscivorous fish counted as having been directly preyed upon by the otter-Carss and Parkinson 1996) was likely rare in our analyses, because longnose suckers and cutthroat trout in Yellowstone Lake primarily feed on nonpiscine prey (Benson 1961; Varley and Schullery 1998 ).
Species-level identifications of Yellowstone cutthroat trout and lake trout were limited to a subsample of 110 scats. These samples included feces collected in both 2002 and 2003. Three constraints reduced the number of scats for these analyses. First, several key bones used for distinguishing trout species are present in fish heads, and one of us (JRC) has observed that otters often do not consume heads during feeding. Second, although vertebrae were found in most samples, many of them were not intact. Although noticeable differences do exist between cutthroat trout and lake trout vertebrae, differentiating between salmonid species based on these bones alone can be tenuous, and thus identifications were not attempted for vertebrae in poor condition. Finally, our reference collection did not include trout less than 27 cm in length. We were therefore hesitant to identify to species level any salmonids smaller than this size.
Statistical analyses.-All statistical analyses were performed with SPSS 11.5 (SPSS Inc. 2002) . The Kolmogorov-Smironov test (Zar 1999 ) and Q-Q plots (Sokal and Rohlf 1995) were employed to test for normality, and Levene's test (Levene 1960 ) was used to test for homogeneity of variances. We used a Kruskal-Wallis test with multiple comparisons (Zar 1999) to test for differences in average fecal deposition rate at otter latrine sites across the 3 survey periods of early, peak, and postspawn on Yellowstone Lake and tributary streams in 2002 and 2003. We then employed a Dunn test (Dunn 1964; Zar 1999) to test for differences in fecal deposition rate between the 3 sampling periods in 2002 and 2003. We used 95% confidence intervals (95% CIs- Jenkins et al. 1979) , calculated from the binomial distribution (Zar 1999) , to compare changes in percentage occurrence of prey items throughout the cutthroat trout spawning period. A chi-square test with the log-likelihood statistic (Manly et al. 2002) was used to determine feeding selectivity of otters. In this approach, we compared the number of occurrences of trout and suckers in otter feces from the lakeshore to an index of abundance represented by the number of these fish caught in Yellowstone Lake during September gillnetting in 2002 and 2003 (National Park Service, in litt.). We limited these comparisons to feces collected on the lake shoreline because relative abundance data were not available for fish in many of our study streams. In addition, September gillnetting along the lakeshore rarely caught lake trout (National Park Service, in litt.), precluding relative abundance comparisons of cutthroat trout and lake trout with otter diet analyses. For all statistical tests, significance was assumed at a level of a ¼ 0.05.
RESULTS
During the summers of 2002 and 2003, we identified a total of 87 river otter latrine sites (n ¼ 35 on Yellowstone Lake and n ¼ 52 on tributary streams; Fig. 1 ). For the 2002 summer survey, fecal deposition rate at otter latrine sites (average number of feces per site) differed significantly across the 3 survey periods (early, peak, and postspawning) on tributary streams; no significant difference was detected between survey periods on the Yellowstone Lake shore (Kruskal-Wallis test; H ¼ 6.74, d.f. ¼ 2, P ¼ 0.03 for streams, H ¼ 2.59, d.f. ¼ 2, P ¼ 0.27 for lake; Fig. 2 ). Pairwise comparisons showed that, in 2002, fecal deposition rate was marginally lower on tributary streams in the postspawning period (1.33 6 0.76 feces/site) than in the earlyspawning period (6.25 6 2.00 feces/site; Dunn test; Q ¼ 2.37, k ¼ 3, P ¼ 0.05; Fig. 2 streams, H ¼ 7.25, d.f. ¼ 2, P ¼ 0.03 for lake; Fig. 2) . Additionally, pairwise comparisons of the 2003 survey periods revealed significantly higher fecal deposition rates on tributary streams during the peak cutthroat trout spawning period than in the postspawning period (Dunn test; Q ¼ 2.62, k ¼ 3, P , 0.05; Fig. 2 ). Conversely, fecal deposition rate was lower on the Yellowstone Lake shore during the 2003 peak-spawning period than in the postspawning period (Dunn test; Q ¼ 2.67, k ¼ 3, P , 0.05; Fig. 2 ).
Fish were the primary food item found in otter scats throughout the study, present in 94% of the 515 analyzed samples (Table 1) . Trout occurred in 72% of feces, whereas longnose suckers were found in 43% and minnows in 30% of total samples. In several instances more than 1 prey type was present in a sample. In addition, amphibians, primarily blotched tiger salamanders (Ambystoma tigrinum), were identified in 7% of otter feces, whereas birds and mammals constituted a negligible percentage of samples (birds ¼ 3%, mammals ¼ 2%; Table 1 ).
Frequency of occurrence of prey items in otter feces changed throughout the summer (Fig. 3) . On the Yellowstone Lake shore, trout remained the dominant prey item in otter scats during summer, but declined from 81% frequency of occurrence during early spawning to 65% at the end of the cutthroat trout spawning season. Frequency of occurrence of longnose suckers and minnows remained relatively steady between about 20% and 40% along the lakeshore. In addition, prevalence of amphibians in Yellowstone Lake otter scats increased sharply late in the summer, climbing from 5% occurrence during early and peak spawning to 22% occurrence at the end of cutthroat trout spawning. Finally, birds and mammals contributed little to otter scats along the lakeshore throughout the summer, making up no more than 5% of samples. On tributary streams, frequency of occurrence of trout fell from a high of 79% during early cutthroat trout spawning to 43% during the postspawning period. Trout were replaced by longnose suckers as the dominant prey item in tributary stream scats later in summer as suckers rose from a frequency of occurrence of 38% in the early-spawning period to 67% by the end of cutthroat trout spawning; however, 95% CIs for these 2 species overlapped in the postspawning period (Fig. 3 ). Minnows were found in 27-37% of otter scats on tributary streams throughout the summer. The remaining tributary stream prey items reached highs of 10% for amphibians, 5% for birds, and 2% for mammals, all in the postspawning period for cutthroat trout (Fig. 3) . In Yellowstone Lake, otters appeared to feed on trout and suckers in direct proportion to their abundance
Species-level identifications of Yellowstone cutthroat trout and lake trout were limited to 110 of 370 scats containing salmonids. Cutthroat trout were found in 105 of the 110 samples, based on the aforementioned bones determined to be diagnostic by Pacific IDentifications Inc. By contrast, we confirmed the presence of lake trout in only 5 of the 110 samples. Lake trout were found in 4 otter fecal samples collected on the Yellowstone Lake shore. The other lake trout sample was collected from the Arnica Creek lagoon, a tributary of Yellowstone Lake's West Thumb (Fig. 1) .
DISCUSSION
Yellowstone cutthroat trout are clearly the key prey of river otters in the Yellowstone Lake ecosystem during summer, suggesting that further cutthroat trout declines may have severe implications for the lake's otter population. Consistent with previous studies of otter feeding habits (Melquist and Hornocker 1983; Melquist et al. 2003; Reid et al. 1994; Toweill 1974) , otters around Yellowstone Lake appeared to follow the movements of spawning cutthroat trout. Indeed, although fluctuations existed in the proportion of other prey items in otter feces, the overall dominance of cutthroat trout in samples from both Yellowstone Lake and tributary streams was consistent throughout the study. Moreover, our diet studies indicate that Yellowstone Lake otters are unlikely to substitute introduced lake trout as an alternative prey base to a declining cutthroat trout population.
Fecal deposition rate at otter latrine sites varied with cutthroat trout spawning activity. As we hypothesized, there was a general trend toward increased otter use of spawning streams and decreased use of Yellowstone Lake during the height of spawning season, with a return to elevated otter activity on the lake after spawning had ended. This trend was stronger in 2003 than 2002; however, the 2002 measurements of fecal deposition rate should be viewed with caution because we did not have boat access to the lakeshore until mid-July. This limited our ability to document otter activity on much of Yellowstone Lake during early and peak spawning in 2002. In addition, because of limited access to spawning streams in late May and early June, our surveys did not capture the early spawning conditions on Arnica, Bridge, Clear, or Columbine creeks in 2002. In 2003, when our surveys corresponded more closely with the spawning schedule of cutthroat trout, we observed the expected increase in otter activity on tributary streams, and concurrent decrease on the lakeshore, during peak spawning. In both years, fecal deposition rate on all tributary streams was significantly lower in the late summer (postspawning) than for the middle (peak-spawning) period. This also points to a seasonal switch in otter activity back to Yellowstone Lake in response to decreased availability of cutthroat trout in streams.
It should be noted that the use of fecal deposition rate as an index of otter activity has some limitations (Kruuk et al. 1986 ). For example, Zackheim (1982) suggested that breeding activity could have resulted in increased marking rates at latrines in southwestern Montana during April and May. Although little information exists on otter breeding behavior in the Yellowstone Lake ecosystem, we observed otters mating in early June (Crait et al., in press ). Thus, it is possible that the lack of significant difference in fecal deposition rate between the early and peak cutthroat trout spawning periods was influenced by higher marking rates at the end of the breeding season. Nonetheless, such marking behavior should not differ between the Yellowstone Lake shore and tributary streams, thereby not affecting our comparisons of seasonal otter activity on the 2 water types.
It is also possible that the location of feces at latrines was not indicative of where otters consumed prey items. Davis et al. (1992) reported average food transit time in river otters to be 202 min, and Ormseth and Ben-David (2000) estimated total mean food retention times of 414-582 min in captive river otters. These findings imply that adequate time exists for otters to switch from lake to stream locations (or vice versa) between feeding and defecation. Indeed, in a study of European otters (Lutra lutra) feeding on salmonids, Durbin (1997) found that location of ingestion of trout and salmon was not related to site of defecation. Nonetheless, because otters may use scent-marking to facilitate mutual avoidance (Melquist and Hornocker 1983) or signal the use of food resources (Kruuk 1992) , it is likely that otters concentrated their activity on tributary streams during the spawning period, leading to our observation of increased fecal deposition rate in relation to cutthroat trout distribution.
The preponderance of fish in scats collected from Yellowstone Lake and its tributary streams was consistent with findings from most studies of otter diet (Larivière and Walton 1998; Melquist et al. 2003) . Although reliance of otters on spawning fish has been documented in a number of other western ecosystems (e.g., Melquist and Hornocker 1983; Melquist et al. 2003; Reid et al. 1994; Toweill 1974) , spawning season is often the only time when otters feed heavily on salmonids (Melquist et al. 2003) . In our study, however, we found salmonids to be the dominant prey item in otter feces from spawning streams, as well as Yellowstone Lake, in both summers. Moreover, the overwhelming prevalence of cutthroat trout in scat samples identified to the species level suggests that most trout samples identified only to family were cutthroat trout as well. Therefore, Yellowstone Lake's otters may be unique in that they primarily rely on 1 species of trout for meeting their energetic demands.
Otter predation on cutthroat trout during summer may be a function not only of the accessibility of these fish in spawning streams, but also of the greater abundance of cutthroat trout in the Yellowstone Lake ecosystem. For example, the ratio of trout to suckers (1.9:1) in otter scats collected on the lakeshore was not significantly different than their ratio (1.6:1) determined from gill-net surveys of Yellowstone Lake (National Park Service, in litt.), suggesting that otters preyed on these fish in direct proportion to their abundance (Ryder 1955) . The importance of accessibility as an additional determinant of otter diets is supported by our observation that longnose suckers became more prevalent in otter scats only on tributary streams later in the summer. Suckers are the only other widely distributed fish in Yellowstone Lake (Benson 1961; Kaeding et al. 1996) and initiate spawning in tributaries toward the end of cutthroat trout migrations (Brown and Graham 1954) . Studies in several other ecosystems have found suckers to be the main prey of otters (e.g., Berg 1999; Knudsen and Hale 1968; Reid et al. 1994; Serfass et al. 1990; Zackheim 1982) , likely because their relatively lower swimming performance makes suckers more accessible to otters (Melquist and Hornocker 1983) . Nonetheless, our observation that otter activity shifted back to the lake at the end of cutthroat trout spawning, despite the initiation of spawning by suckers, suggests that otters in this ecosystem are heavily dependent on cutthroat trout.
One potential explanation for the continued dependence of otters on cutthroat trout, even when suckers were accessible in tributary streams, may relate to differences in energy content between the 2 fish species (Derby and Lovvorn 1997; Ruzycki et al. 2003) . Although suckers can attain large sizes (Varley and Schullery 1998) and are more easily caught than salmonids (Melquist et al. 2003 ) they may not provide the energetic returns of lipid-rich trout (Derby and Lovvorn 1997; Ruzycki et al. 2003) . It is therefore possible that otters prey on cutthroat trout, not only because of the greater availability of cutthroat trout, but because their energy content exceeds that of alternative fish prey. In addition, peak spawning migrations of cutthroat trout from Yellowstone Lake may coincide with the otter young-rearing period (Varley 1998) . During this time, spawning cutthroat trout could be an accessible, energy-rich prey for feeding and development of foraging skills in young otters. By contrast, late-summer spawning runs of longnose suckers may provide lower benefits to family groups of otters during the young-rearing period.
Minnows, although present in feces collected from latrine sites throughout the summer, occurred infrequently in scats. Although otter predation on minnows has been reported in previous studies (Melquist et al. 2003) , their limited distribution in Yellowstone Lake (Benson 1961; Kaeding et al. 1996) and their small size (Varley and Schullery 1998) make it unlikely that minnows are an important prey item for otters at any time during the year. The presence of nonfish prey was limited in otter scats throughout most of our study. An exception was the late-summer increase of amphibians (primarily blotched tiger salamanders) in scats collected at latrines along the Yellowstone Lake shore. Otters likely increase predation on salamanders in warmer months when these prey become active and migrate in large numbers to breeding sites (Koch and Peterson 1995; Melquist et al. 2003) . The rare occurrence of birds and mammals in otter scats from Yellowstone was consistent with most studies of otter feeding behavior (Melquist et al. 2003) . Birds may be taken opportunistically and primarily include aquatic birds that are unable to fly because of injury or molting (Melquist et al. 2003) . Similarly, mammals are probably incidental prey of river otters. Common muskrats (Ondatra zibethicus) are the likeliest mammalian prey of river otters in most habitats (Melquist et al. 2003) , and this appeared to be the case in the Yellowstone Lake ecosystem as well.
Finally, we found little evidence that otters could switch to feeding on introduced lake trout as a replacement salmonid prey. Lake trout were rare in the scats we collected, suggesting that these fish were incidental captures and that otter predation on lake trout in the Yellowstone Lake ecosystem is uncommon. Studies in other regions where otters and lake trout coexist have found that these fish were completely absent from the diet of otters (Reid et al. 1994; Sheldon and Toll 1964) . Reid et al. (1994) reported that in northeastern Alberta, lake trout were the only available fish species not present in otter scats, and attributed this to lake trout inhabiting deep water. In Yellowstone Lake, mature lake trout are found in shallower water for a brief period after the spring breakup and melting of the lake's ice cover (P. Bigelow, National Park Service, pers. comm.). Nonetheless, we found no evidence of increased otter predation on lake trout during this time, even in the West Thumb portion of the lake where the majority of lake trout are thought to occur (Koel et al. 2005) . Thus, it is unlikely that otters feed extensively on lake trout during any season.
The heavy dependence of river otters on cutthroat trout documented in our study suggests that dwindling numbers of these fish may be detrimental to Yellowstone Lake's otter population. Indeed, extended drought conditions and the recent invasion of whirling disease (caused by the parasite Myxobolus cerebralis) in Yellowstone Lake have added additional stressors to this already declining cutthroat trout population (Koel et al. 2005) . Furthermore, cutthroat trout may be the key prey of river otters throughout the year. Although we quantified food habits of otters only in late spring and summer, otters have been observed feeding on Yellowstone Lake cutthroat trout in other months as well (R. Landis, Landis Wildlife Films, and W. Wengeler, University of California, Davis, pers. comm.). In fact, thermal influences in Yellowstone Lake maintain ice-free sections of water and ensure that otters have access to lipid-rich cutthroat trout even during energetically demanding winter months (Varley and Schullery 1998) .
The combination of decreasing numbers of cutthroat trout and the inaccessibility of lake trout, together with the lower abundance and energetic returns of alternative prey, may reduce the population density of river otters in Yellowstone Lake. A decline in this piscivorous predator could have permeating effects through the Yellowstone Lake ecosystem (Kaeding et al. 1996) . Growing evidence suggests that semiaquatic predators, such as otters, link ecosystems by transporting aquatically derived nutrients to terrestrial landscapes (Ben-David et al. 1998; Polis et al. 2004) , and that these linkages can be disrupted by introduced fish species (Baxter et al. 2004; Dunham et al. 2004 ). We recently documented that otters transport lake-derived nutrients to terrestrial vegetation around Yellowstone Lake and that these nutrients influence the prevalence and growth of plants (Crait 2005) . The high reliance of otters on cutthroat trout therefore suggests that a decline of these fish may have propagating effects beyond Yellowstone Lake itself, into riparian forests.
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